Current therapeutic modalities for ovarian cancer such as chemotherapy, radiotherapy and surgery have been reported to yield only marginal success in improving survival rates of patients and have associated adverse effects. We report here a case of recurrent stage IV ovarian cancer, treated with cell-based autologous immune enhancement therapy (AIET) along with chemotherapy and followed up for 18 months. A 54-year-old female was diagnosed with a recurrence of ovarian carcinoma 1 year after initial surgical removal followed by chemotherapy for stage IIIC ovarian carcinoma. When diagnosed in 2010 with recurrence, she had liver and spleen metastases with a CA-125 level of 243 U/ml and a stage IV clinical status. Six infusions of AIET using autologous in vitro expanded and activated natural killer (NK) cells (CD3-CD56+) and activated T lymphocytes (CD3+CD56+) were administered in combination with 6 cycles of chemotherapy with carboplatin and doxorubicin. Following this treatment, CA-125 decreased to 4.7 U/ml along with regression of the metastatic lesions and an improved quality of life. No adverse reactions were reported after the AIET transfusions. Eighteen months of follow-up revealed a static nonprogressive disease. Combining AIET with chemotherapy and other conventional treatments has been found to be effective in our experience, as reported earlier, even in patients with advanced ovarian cancer, and we recommend this strategy be considered in treating similar cases.
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Introduction
Ovarian cancer ranks fifth among the leading causes of cancer-related deaths in females [1] , and 75% of women are in an advanced stage of the disease when diagnosed. The prognosis after conventional treatment modalities has been poor, with a 5-year survival rate of less than 30% [2] . Even after surgical removal of the tumor, there is still a risk of residual disease; thus, radiation and chemotherapy are administered, though both have various side effects. Treatment of recurrent ovarian cancer is only palliative, employing chemotherapeutic agents, but the adverse reactions associated with chemotherapy are many [1] .
Most recently, immunotherapy has been of major interest in order to potentiate a multipronged approach to cancer. Better prognosis has been reported when chemotherapy is combined with immunotherapy than with chemotherapy alone [3] . Cell-based immunotherapy has been in practice for the past 2 decades, with published randomized clinical trials establishing its safety and efficacy in different cancers [4, 5] . Fujita et al. [6] have reported that in patients with epithelial ovarian cancers treated with T cell-based immunotherapy and chemotherapy, the 3-year disease-free interval was 82.1%, while it was 54.5% in patients treated with chemotherapy alone.
Herein we report an 18-month follow-up of a patient who had recurrence of ovarian carcinoma and metastases and was treated with autologous immune enhancement therapy (AIET) in addition to palliative chemotherapy.
Case Presentation
A 54-year-old female presented with gross ascites in April 2009. A CT scan and biopsy revealed an ovarian malignancy with multiple peritoneal deposits, lesions in the left lobe of the liver and a CA-125 of 237 U/ml. She was administered 3 cycles of intravenous chemotherapy with paclitaxel (290 mg) and carboplatin (450 mg). She underwent an ovarian laparotomy; panhysterectomy, pelvic peritonectomy, omentectomy, bilateral pelvic lymph node dissection, para-aortic dissection, right sub diaphragmatic peritonectomy, appendicectomy along with excision of peritoneal nodes, and insertion of an intraperitoneal chemo port were performed in June 2009. Biopsy, post-abdominal hysterectomy with bilateral sapling oophorectomy revealed residual papillary serous cystadenocarcinoma. After the surgery, 3 cycles of intraperitoneal chemotherapy with paclitaxel (290 mg) and cisplatin (120 mg) were administered, once every 21 days. A CT scan in November 2009 revealed no visible signs of cancer, and the CA-125 value was 7 U/ml. In July 2010, a recurrence was diagnosed following an increased CA-125 level of 243 U/ml. A CT scan revealed hypoattenuating lesions in the liver, the largest one measuring 2.8 × 2.2 cm, lesions in the spleen, ill-defined hypodense lesions along the greater curvature of the stomach body and in the perisplenic region, small hypodense lesions noted between the medial aspect of the liver and stomach, the largest one measuring 11 × 7 mm, and an ovoid soft-tissue density lesion measuring 2.6 × 1.8 cm in the right inguinal region. Six cycles of chemotherapy with doxorubicin (50 mg) and carboplatin (450 mg) along with intermittent infusions of cell-based AIET were the recommended treatment.
After informed consent was obtained, peripheral blood was collected in heparin tubes and transported to the lab under cold conditions. The in vitro cell processing and expansion were performed in a GMP-compliant lab. The peripheral blood was first centrifuged to separate the autologous plasma in the supernatant. The pellet containing white and red blood cells was mixed using phosphate buffered saline, and the routine procedure of density gradient centrifugation was done using LymphoPrep solution (GIBCO-BRL, Gaithersburg, Md., USA) to isolate the peripheral blood mononuclear cells (PBMNCs). The cell count was estimated using the Trypan blue dye-exclusion method and the cells were subjected to expansion as per the protocols described earlier [7, 8] for a period of 10-16 days. Before cell transplantation, cells were tested for endotoxin levels using a Limulus Amebocyte Lysate kit (Charles River Laboratories, India), and flow cytometry analysis was done to determine the percentage of natural killer (NK) cells and activated T Lymphocytes employing markers viz., CD3, CD16 and CD56.
The cell count of the isolated PBMNCs ranged between 34.8 × 10 6 and 111 × 10 6 cells, which showed a marginal decrease on day 3, and after day 5 the cells started to increase in a steady state, reaching up to a maximum of 1.68 × 10 8 cells. Average cell count after the in vitro expansion was 1.2 × 10 8 cells. The percentage of NK cells (CD3-CD56+) and activated T cells (CD3+ CD56+) increased substantially after the in vitro expansion with NK cells (CD3-CD56+), increasing from 2.43 to 61.3% within total lymphocytes, and activated T cells (CD3+CD56+) increasing from 3.73 to 60.8% within total T lymphocytes as evaluated by flow cytometry.
Following 6 AIET transfusions given intravenously along with chemotherapy, CA-125 showed a considerable decrease to 4.7 U/ml as depicted in fig. 1 . A CT scan taken in December 2010 showed a regression of the lesions in the spleen and perisplenic peritoneal deposits, stable hepatic lesions and resolution of perigastric peritoneal deposits ( fig. 2) . There was a marked decrease in the size of the inguinal lymph nodes from 2.6 × 1.8 to 1.2 × 1.1 cm with no recurrence in the pelvic region. The patient showed improvements in appetite and quality of life. There were no adverse reactions following the AIET infusions. The latest follow-up in December 2011 revealed static nonprogressive disease with all the parameters, including tumor markers within normal range.
Discussion
AIET involves the in vitro expansion of NK cell (CD3-CD56+) and activated T cells (CD3+CD56+) and their intravenous transfusion. Autologous immune cells intravenously administered to ovarian cancer patients have resulted in improved survival rates compared to controls, as reported by Fujita et al. [6] . Progression-free survival after chemotherapy in recurrent ovarian cancer patients ranges from 17 to 24 months, but the associated treatment-related toxicities are high. Adverse reactions commonly associated with chemotherapeutic agents such as carboplatin, gemcitabine, paclitaxel, epirubicin, doxorubicin, topotecan, etc., given in patients with recurrent ovarian cancer are anemia, leucopenia, neutropenia, thrombocytopenia, nausea, vomiting, diarrhea, constipation, neurotoxicity and alopecia [9] . This patient, in whom AIET was given in combination with chemotherapy, subjectively reported fewer or no adverse effects mentioned above. The blood counts continued to be normal and the patient had an improved appetite and quality of life after the AIET. A significant decrease in the level of CA-125 from 243 to 4.7 U/ml along with regression of the lesions and a prolonged static nonprogressive disease for more than 18 months in a case of recurrent stage IV ovarian cancer was experienced by our patient without any adverse reactions following AIET combined with chemotherapy. Also, it has been previously reported that NK cell activity enhances the action of carboplatin in the treatment of ovarian cancer [10], thus making AIET in combination with chemotherapy an attractive strategy for ovarian cancers.
Therefore, in our experience, AIET, which was combined with chemotherapy in this patient with stage IV recurrent ovarian cancer, did not have any adverse reactionsdemonstrating its safety. The gradual decrease in CA-125, regression of the metastatic lesions, improved quality of life and a prolonged duration of survival for more than 18 months with static nonprogressive lesions confirm the efficacy, which is in line with reports published earlier on cell-based immunotherapies. With this, we recommend that AIET may be considered in combination with chemotherapy and other modalities of treatment in similar cases. It is also preferable to start AIET earlier, before chemotherapy, when the peripheral blood cell counts are normal.
